The purpose of this study was to determine the presence and copy numbers of herpes simplex virus type 1 (HSV-1) DNA in human trigeminal ganglia (TG) with respect to age, gender, and postmortem interval (PMI). Human TG (n ‫؍‬ 174, obtained from the Oregon Brain Bank, with data on age, gender, and PMI) were analyzed for HSV-1 DNA copies (HSV-1 DNA polymerase gene) by using real-time PCR. We found that 89.1% (131/147) of subjects and 90.1% (155/174) of TG contained HSV-1 DNA. The copy numbers of HSV-1 DNA in the positives ranged from very high (>10 6 ) to very low (5). These data confirm and strengthen our previous findings that subjects were positive for HSV-1 DNA in tears (46/50; 92%) and saliva (47/50; 94%). These TG data and tear and saliva data demonstrated considerable variability in copy numbers of HSV-1 DNA per subject. Statistical analysis showed no significant relationship between gender and copy number, age and copy number, or PMI and copy number for each pair of variables. A factorial analysis of gender, age, and PMI with respect to copy number also showed no statistical significance. This is the first study that provides statistical analysis that documents that the prevalence of HSV-1 DNA in the human TG is not a function of either gender or age.
A high percentage of the world's population harbors herpes simplex virus type 1 (HSV-1), which can cause a variety of disorders (25, 27, 29) . HSV has the ability to evade host immune defenses and seize the cellular machinery for production of progeny virus and also can shut down its own lytic replication to establish viral latency, a means for the virus to exist for the life of the host. Reactivation from latency with concomitant virus production is an efficient means of viral spreading within the population. After primary infection, latent HSV-1 can persist in neurons in sensory and autonomic ganglia in at least 90% of the adult human population (14, 18, 25, 27, 29) , reactivating periodically and causing recurrent disease. Cumulatively, at least 35% of the U.S. population is affected by HSV infections (15, 25, 29) .
Herpes keratitis is the leading infectious cause of blindness in the United States and is caused predominantly by HSV-1, with a reported incidence of 149 cases per 100,000 individuals and, cumulatively, up to 500,000 cases per year. Ocular herpes recurs at the rate of 10% within 1 year and 23% within 2 years (15) , and an estimated 50,000 new and recurrent cases are documented each year (15) . Previous findings document that 98% of subjects (49/50) spontaneously shed HSV-1 DNA in tears and saliva (12) . The same PCR assay used in this study was used for analysis of the human trigeminal ganglion (TG). This study obtained demographic data on age and gender and compared these data with respect to numbers of HSV-1 DNA copies in the human TG.
This study was conducted according to the tenets of the Declaration of Helsinki, and the protocol was approved by the Oregon Health Sciences University Institutional Review Board. Samples were obtained from autopsy cases through the Oregon Brain Bank (directed by one of the authors, M. J. Ball) at Oregon Health Sciences University, Portland, OR. Each sample had protected health information removed and was identified by a "Brains for Oregon (BFO)" number. At the time of autopsy, all TG were aseptically removed and trimmed of dura and fat. The three branches of the TG were dissected away prior to immediate snap-freezing and storage at Ϫ80°C. Clinical diagnoses and evidence of disease were noted from the subjects' medical histories. The 147 subjects were divided into groups with (i) dementia attributable to Alzheimer's disease, (ii) neurodegenerative dementia not due to Alzheimer's disease, and (iii) no known cognitive decline or significant pathological neurodegeneration. Each of these three groups had the same number of subjects.
Each individual TG was weighed (range, 0.26 to 1.5 g) and pulverized, under liquid nitrogen, to a fine powder. Homogeneous aliquots of the TG (ϳ50 mg) were removed and stored at Ϫ80°C. All instruments were cleaned and sterilized between processing of each TG to avoid contamination. Rabbit TG negative for HSV-1 were used as tissue controls. TG samples were placed in cell lysis buffer (ATL buffer) and incubated for 18 h at 56°C with 150 g of a proteinase K solution. DNA extraction was carried out using a DNA extraction kit (DNeasy tissue kit; Qiagen, Valencia, CA) per the manufacturer's in-structions. DNA was precipitated with ethanol and resuspended in sterile RNase-and DNase-free water. Nucleic acid concentration was determined by UV spectrophotometry, and sample purity was assessed from the ratio of A 260 /A 280 . Fifty milligrams of TG yielded a mean of 375 ng/l of total DNA. All samples were normalized to 100 ng/5 l of DNA, and this amount was used in all subsequent assays.
The cosmid pHindIIIA, which contained a copy of a 40,800-bp restriction fragment (HindIIIA) encompassing the DNA polymerase gene from the strain 17Synϩ, was the standard for the determination of our detection limit in all real-time PCR assays (12) . Ten-and twofold dilutions of the pHindIIIA cosmid were subjected to a molecular assay based on a rapid DNA extraction protocol (26) , and their DNA was analyzed by real-time PCR (iCycler MyiQ; BioRad, Hercules, CA).
To avoid possible contamination, the tissue pulverization and DNA extraction of the amplified products were conducted in physically separate laboratories. PCR preparations were performed under a laminar flow hood, using level-one-biohazard containment. Because rabbit tissues were used as negative controls, random human TG samples were tested for a rabbit gene but were always negative (unpublished data).
Real-time PCR was done using TaqMan No AmpErase UNG universal PCR master mix (Applied Biosystems, Foster City, CA). Target-specific primers and dual-labeled probes were obtained from Integrated DNA Technologies (Coralville, IA). The primers used were designed for a highly conserved region of the HSV-1 DNA polymerase gene. The sequences used for the primers and probe were previously reported (12) . The minimum level of detection for the primer/probe set used was calculated using a standard curve generated from 2-fold and 10-fold serial dilutions of the pHindIII cosmid and was determined to be five copies of the HSV-1 DNA polymerase gene.
All PCRs were performed with 50-l total volumes containing 25 l of 2ϫ TaqMan universal PCR master mix (Applied Biosystems), with 10 l of the DNA template (normalized to 100 ng/sample for PCR) and 5 l of each primer and probe prepared at a 20 nM concentration (Invitrogen, Carlsbad, CA). Reactions were performed as previously described (12) . Samples were analyzed in triplicate. Randomly selected positive samples representing high, moderate, and low numbers of HSV-1 copies were assessed, and their products were identified and confirmed on polyacrylamide gels and sequenced with 97% to 98% homology to 17Synϩ DNA.
The sensitivities of the primers were determined to be two to four copies and were achieved in the presence of 100 ng of human DNA, with no HSV-1 DNA endogenously present. The cycle threshold values of all unknowns were adjusted to reflect the cycle threshold value of the standard curve. The equation of the slope of the line was used to calculate the numbers of copies of unknown TG samples. All values calculated as fewer than five copies were omitted to reduce the possibility of false positives.
Statistical evaluation of the relationship between the number of HSV copies (expressed both as numbers per 100 ng of DNA or as numbers per whole TG), the age of the subject, and the postmortem interval (PMI) was conducted using linear, logarithmic, and double-logarithmic regression analyses. We assayed 100 ng of the DNA from human TG and calculated the value of 100 ng of DNA for comparison to published studies (5, 24, 28) . The relationships between age and copy number, gender and copy number, and PMI and copy number were evaluated using age, PMI, or copy number as the outcome variable and gender as the class variable in t tests. The simultaneous effects of age and gender on number of copies were determined using an analysis of covariance (19) , with age as the covariant and gender as a class variable. Alpha levels were set at 0.05 prior to testing, and the alpha level correction for multiple comparisons was done using the simulation method of Edwards and Berry (6) . All data manipulation and analyses were performed using the Statistical Analysis System (Cary, NC).
The genders and mean ages and PMIs of the 147 subjects (174 TG) are shown in Table 1 , including the means Ϯ standard errors of the means (SEM) of results for all the subjects, with the minimum and maximum values, as well as the numbers of positives, copies per 100 ng of DNA, and copies per whole TG for all 174 TG assayed. A class distribution of copy number per 100 ng of DNA by gender and a class distribution of copy number per whole TG revealed that the majority of the TG had low to moderate copy numbers. The numbers of subjects whose TG were analyzed for HSV-1 DNA were analyzed by gender and age, and the results are as follows: for 0 to 10 years of age, 4/5 males (80%) and 1/1 (100%) female were positive; for 11 to 20 years, 2/3 males (67%) and 1/2 females (50%); for 21 to 30 years, 6/7 males (86%) and 3/3 females (100%); for 31 to 40 years, 2/2 males (100%) and 3/3 females (100%); for 41 to 50 years, 8/9 males (89%) and 8/9 females (89%); for 51 to 60 years, 7/8 males (88%) and 9/10 females (90%); for 61 to 70 years, 15/16 males (94%) and 9/10 females (90%); for 71 to 80 years, 10/11 males (91%) and The mean copy numbers of HSV-1 DNA per 100 ng DNA (Table 1) for males and females were 130.9 Ϯ 35.4 and 100.3 Ϯ 26.9, respectively. Analysis of the data revealed no statistically significant difference in HSV-1 copy numbers between genders. Analysis of HSV-1 copy numbers in the total TG in males versus results for females revealed no statistically significant gender difference. Also, the majority of positive subjects (male and female) have low to moderate copy numbers.
The linear regression relationship of HSV copy numbers in 100 ng of TG DNA to age was not significant (P ϭ 0.8470); HSV copy number from the whole TG was not related to age (P ϭ 0.3181). The relationship between PMI and copy number was also not significant (for copies per 100 ng, P ϭ 0.66; for copies per TG, P ϭ 0.3861). Other regression analyses performed on logarithmic transforms or log-log transforms were not significant. The relationship of gender to copy number was not significant (for copies per 100 ng DNA, P ϭ 0.499; for copies per TG, P ϭ 0.6266). In addition, the results for analysis of covariance applied to copy number (100 ng of TG) as the dependent variable, gender as a class variable, and age as the covariate were, overall, not significant (P ϭ 0.3159), with no significance related to age (P ϭ 0.5426) or gender (P ϭ 0.2671). We concluded that either the effects of the variables on each other were not significant or the sample size could not confer the statistical power to detect such small differences. As expected, there was a positive correlation between the number of copies per 100 ng of host DNA and the copy number in the TG, with a correlation coefficient of 0.86 (P Ͻ 0.0001).
Our results showed that 89.1% (155/174) of TG and 89.1% (131/147) of subjects were positive for HSV-1 DNA. Only 16 subjects and 19 TG were negative based on numerous assays and our stringent criteria. A number of studies have reported detection (present or absent) or quantification of HSV-1 DNA in human TG. We pulverized the whole TG to obtain a homogeneous tissue preparation prior to removing aliquots for DNA extraction; we determined the weights of both the TG and aliquots used and estimated the numbers of copies of HSV-1 DNA in the whole TG. Previous studies estimated HSV-1 DNA copy numbers in TG by using only a small fraction of tissue to extract DNA, making it very difficult to determine the percentage of tissue analyzed relative to the total size, the anatomical position of the piece of TG obtained, or the fact of whether the aliquot represented a uniform sample of the whole TG.
We have summarized the data from six reports focusing on the detection of HSV-1 DNA in Table 2 (1, 4, 7, 14, 17, 20) . No copy numbers were reported, and most studies had small sample sizes (11 to 47). Table 3 is a summary of our current data and three other reports that have determined HSV-1 copy numbers plus demographic data on gender and age (7, 24, 28) . While the three other reports examined only a small number (15 to 34) of TG, our study had the most extensive demographic data. Previous studies (14, 20) have suggested that age may influence the frequency of HSV-1 DNA in human TG and/or (10, 11) the frequency of HSV-1 DNA in the human brain. We did not identify age as a factor related to an increase in either positive subjects or HSV-1 copy numbers in the 147 subjects assessed.
Animal studies have reported that gender, animal strain, inoculation titer, routes of administration, and HSV-1 phenotype can be significant factors in pathogenesis and suggest that these characteristics play a role in the establishment of viral neuronal latency (3, 9, 21, 22, 23) . Many of these variables cannot be assessed in human studies of HSV-1 in TG; however, the TG load based on gender can be assessed. In our study of 147 subjects, we found no association between gender and presence or absence of HSV-1 DNA or numbers of HSV-1 DNA copies.
Low PMI (2 to 4 h) has been shown to be critical for the accurate assessment of cellular components, such as RNA, enzymes, membrane integrity, and a number of other biological components (2, 13, 16) . Viruses such as HSV and varicellazoster virus can reactivate at the time of or shortly after death. The range of PMIs in our 147 subjects was 2 to 96 h, with a mean of 37.4 h. The majority of these cadavers were refrigerated (4°C) within 1 to 3 h after death. None of the subjects were reported to have had ocular or oral-facial lesions at the time of death, and none had received immunosuppressive therapy. The PMIs, from very short (2 h) to long (96 h), showed no relationship to the detection of HSV-1 DNA or to the HSV-1 DNA copy numbers. In this heterogeneous group of 147 subjects, the scattering of the data on HSV-1 copy numbers and the lack of a functional relationship among the variables led to the conclusion that there is considerable variability of HSV-1 copy numbers in the human TG and that this variability is unrelated to gender, age, or PMI. The data on age and copy numbers suggest these possibilities: (i) the viral load is constant once established or (ii) viral load increases are uniform and result in no change in copy number relative to age. We have shown in the rabbit eye model that HSV-1 DNA in the TG is a stable reservoir during latency (8) . In this study, we show, using a very sensitive analytical method for evaluation, that a very large percentage of human subjects (89.1%) are positive for HSV-1 DNA in TG. The equal gender distribution, age distribution, and PMIs of our subjects provide an excellent representation of the population harboring HSV-1 DNA compared with previous studies which considered data primarily in older subjects (5, 17) . These observations are consistent with the concept that HSV-1 infection and latency are widespread in divergent human populations. The lifelong presence of latent HSV-1, and the potential for its reactivation, could contribute to progressive, chronic, and neurological diseases, as well as recurrent ocular and oral herpetic diseases, since the vast majority of the population harbors latent HSV-1 DNA in their TG. 
